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Abstract
Background: Young adults experience many adverse health behavior changes as they transition from adolescence 
into adulthood. A better understanding of the relationships between health promoting and risky health behaviors may 
aid in the development of health promotion interventions for various types of young adult post-secondary students. 
Therefore, the purpose of this study was to examine associations between alcohol and tobacco use and physical 
activity among 2-year and 4-year college students.
Methods: Cross-sectional analyses were conducted using 2007 survey data, collected as part of an on-going post-
secondary health surveillance system in Minnesota. Students were randomly selected to participant from 14 
Minnesota colleges and universities (six 2-year community and/or technical colleges, eight 4-year post-secondary 
institutions). The 2007 surveillance data included 9,931 respondents.
Results: The prevalence of demographic characteristics and health behaviors (e.g., physical activity, tobacco use) 
differed between young adults attending 2-year and 4-year post-secondary institutions; in general, those attending 2-
year institutions are representative of more at-risk populations. Overall, higher levels of moderate, vigorous and 
strengthening physical activity were associated with higher levels of alcohol consumption and lower levels of smoking. 
In general, despite the disparities in the prevalence of these risk behaviors, the associations between the behaviors did 
not differ substantially between 2-year and 4-year post-secondary populations.
Conclusions: These findings illustrate links between leading risk behaviors. Interventions targeting multiple risk 
behaviors among young adults may warrant further consideration. Overall, future research is needed to support and 
inform young adult health promotion efforts that may be implemented in a wide array of post-secondary institutions.
Background
Young adulthood, in addition to being the time of transi-
tion from adolescence to adulthood, is also an understud-
ied age of increasing negative health behavior choices. In
the United States and around the world a large propor-
tion of young people ages 18-24 years attend post-sec-
ondary educational institutions [1]. Therefore, colleges
and universities provide an important setting for inter-
ventions aimed at assisting young adults in developing
and maintaining health-promoting behaviors that lower
risk of chronic diseases and premature death. Among the
leading risk behaviors, insufficient physical activity,
tobacco and alcohol use are well-recognized concerns
among young adults and leading causes of population-
level mortality overall [2,3]. Research has shown a sub-
stantial decrease in physical activity (PA) from adoles-
cence into adulthood [4,5], and 18.4% of 18-24 year olds
and 21.5% of 25-34 year olds in the U.S. report not engag-
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Page 2 of 9ing in any PA [6]. In addition, nearly quarter of young
adults ages 18-24 years in the U.S. currently smoke ciga-
rettes [7] and previous work has shown that 75% of col-
lege smokers continue to smoke cigarettes into adulthood
[8]. Furthermore, alcohol use is notably high among
young adult post-secondary students [9], with college stu-
dents being at greater risk of binge drinking than those of
the same age who do not attend college [10]. Previous
research has found that 41.5% of U.S. college students,
ages 18-24 years, reported binge drinking at least once in
the previous 30 days [11]. Together, these factors under-
score the current multifaceted health concerns for young
adults in the U.S.
In a recent systematic literature review, a majority of
studies showed a negative association between cigarette
use and PA among adults [12]. Little work to date has spe-
cifically explored these issues among young adult popula-
tions. Some research has suggested an inverse association
between college athletic involvement and cigarette smok-
ing [13], as well as binge drinking [14], though the evi-
dence is not entirely consistent [15]. Understanding the
co-occurrence of and context for these risky health
behaviors may make important contributions to the
development of effective health promotion interventions
specifically targeting young adults.
Overall, young adults experience many adverse health
behavior changes as they transition from adolescence
into adulthood. Given the impact of increased alcohol
and tobacco use and decreased PA on chronic disease risk
and premature death, it is important to gain a better
understanding of how and if they are related. In particu-
lar, there has been limited research on the relationship
between risky behaviors and health promoting behaviors
among young adults from a wide range of lifestyles, set-
tings and socioeconomic (SES) groups [16]. For example,
while much of the research around young adult risk
behaviors has focused on students attending traditional
4-year colleges and universities, less work has focused on
other populations, such as those attending 2-year com-
munity and technical colleges. Across the U.S. and in
numerous other international settings, 2-year colleges
may offer educational certificate and/or associate's
degree programs, as well as vocation and technical train-
ing for specific positions in the workforce. Compared to
4-year colleges, 2-year colleges likely have more enrolled
students who are from minority groups and low-income
backgrounds, factors that put them at greater risk for
adverse health outcomes and chronic disease risk [17].
Two-year community and technical colleges may offer a
virtually untapped setting for health promotion interven-
tion delivery among at-risk young adult populations;
therefore, it is important to gain a better understanding
of risk behavior patterning and population needs in 2-
year college students, as well as 4-year college students.
To address these gaps in the literature, the purpose of
this study was to: (a) examine the association between
PA, as a health promoting behavior, and alcohol and
tobacco use, as two risky health behaviors, among 2-year
and 4-year college students, and (b) examine how these
relationships differ between 2-year and 4-year students.
Methods
In 2007, Boynton Health Service at the University of Min-
nesota randomly sampled students from the enrollment
registries of 14 participating Minnesota colleges and uni-
versities, as part of an on-going post-secondary surveil-
lance system in Minnesota (USA). Of these schools, six
were 2-year community and/or technical colleges and
eight were 4-year post-secondary institutions. Postcards
were sent to selected students notifying them of their eli-
gibility to participate in a survey. Reminder postcards
and/or emails were sent to all students to encourage par-
ticipation; participants received at least two invitations to
participate. Students were offered small monetary incen-
tives for participation, as well as an opportunity to win
one of several lottery prizes. Additional details regarding
sampling and survey implementation are publicly avail-
able online http://www.bhs.umn.edu/healthdata/results.
Due to differences in campus structure and communica-
tions, students at 11 schools completed an online survey,
while students at three schools complete paper and pencil
surveys. Response rates for online surveys was 43.1%
(range for different schools: 28.7% to 57.3%) and for paper
and pencil surveys was 34.8% (range: 30.4% to 37.3%).
Response rates for 2-year schools was 33.6% (range:
28.7% to 44.2%) and for 4-year schools was 45.8% (range:
32.1% to 57.3%). Of the 24,018 students selected to par-
ticipate, 9,931 completed the survey. The final response
rate was 42%.
Independent variable: Physical Activity
Three types of PA were examined: moderate, strenuous/
vigorous and strengthening. Similar to national surveil-
lance systems and other large-scale surveys of this kind,
physical activity was assessed by asking: "In the past 7
days, how many hours did you spend doing the following
activities? (A) Strenuous exercise (heart beats rapidly);
(B) Moderate exercise (not exhausting); (C) Exercises to
strengthen or tone your muscles." Examples of strenuous
PA included biking fast, aerobics, dancing, running, bas-
ketball, swimming laps, rollerblading, tennis, soccer;
examples of moderate PA included walking quickly, base-
ball, easy biking, volleyball, skateboarding, snowboard-
ing; strenuous PA examples included push-ups, sit-ups,
weightlifting/training. Six response options included:
"None", "Less than 1/2 hour/week", "1/2-2 hours/week",
"2 1/2-4 hours/week", "4 1/2-6 hours/week", "6+ hours/
week". Calculations of all three types of PA were dichoto-
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in ≤ 2 hours/week (reference group) and high activity as ≥
2 1/2 hours/week. This cutoff was selected to correspond
with recommendations from the American College of
Sports Medicine and the American Heart Association
[18], as well as the 2008 Physical Activity Guidelines for
Americans [19] for moderate-intensity PA. Response
options provided in the survey did not allow for an exact
correspondence with guidelines for vigorous-intensity
(75 minutes/week) or muscle-strengthening activities (≥
2 days/week) [19]; thus the same cutoff was employed for
all activity types as the best available comparison.
Dependent variable: Alcohol Consumption
Drinking frequency was assessed using: "During the past
30 days, on how many days did you use alcohol (beer,
wine, liquor)". Seven response choices ranged from "0
days" to "all 30 days". Participants also reported the aver-
age number of drinks consumed in a week, with a possi-
ble range of 0-99. Binge drinking was assessed using:
"Think back over the last two weeks. How many times
have you had five or more drinks in one sitting?" Seven
response choices ranged from "I do not drink alcohol" or
"None" to "10 or more times". For all questions, a drink
was defined as a: bottle of beer, glass of wine, wine cooler,
shot glass of liquor, or mixed drink.
To assess alcohol consumption, a nominal variable was
created with three categories: abstain, light drinking (no
binge drinking), binge/heavy drinking. Those who indi-
cated, "I do not drink alcohol" were classified into the
abstain category. Indexing was used to calculate average
daily alcohol consumption [20]. This method is particu-
larly helpful in this population since college students tend
to engage in binge drinking behavior at higher rates, thus
it is important to account for binge drinking episodes in
the average amount of alcohol consumed per day. Using
cutpoints consistent with the Centers for Disease Control
and Prevention definitions, light drinking was defined as
≤ 2 drinks/day for males and ≤ 1 drink/day for females;
heavy drinking is ≥ 3 drinks/day for males and ≥ 2 drinks/
day for females [21]. Those who reported having ≥ 1
binge drinking episode over the last two weeks were clas-
sified into binge drinking. The majority of students who
reported heavy drinking also reported binge drinking epi-
sodes over the last two weeks. As a result, heavy and
binge drinking were combined into the heavy/binge cate-
gory.
Dependent variable: Tobacco Use
Weekday and weekend cigarette use were assessed using
the following question: " [What is the] average number of
cigarettes you smoke on a weekday and weekend day?
(Note: 1 pack = 20 cigarettes)." Participants could
respond with "Not applicable, I do not smoke", or report
their average cigarette use between 0-99, for weekdays
(Monday-Thursday) or weekend days (Friday-Sunday).
Consistent with cutpoints used in previous studies [12],
tobacco use was examined using a nominal variable with
three categories for both weekend and weekday tobacco
use: non-smoker, light smoker (≤ 10 cigarettes), moder-
ate/heavy smoker (≥ 11 cigarettes) (hereafter referred to
as "heavy smoker"). Weekday and weekend cigarette use
were differentiated since previous studies have found that
younger adults are more likely to be non-daily smokers
and may have smoking habits that are variable through-
out the week [22].
Covariates
Self-reported covariates included: gender, age, race/eth-
nicity, current living residence and employment status.
Due to small sample sizes, race was categorized as "white"
versus any other race category or combination of race
categories (non-white) when included in statistical mod-
els. In addition, students who reported living in "Resi-
dence hall" (n = 2,068) and "Fraternity/sorority" (n = 67)
were combined. Students reporting living in "Public/sub-
sidized housing" (n = 71) was combined with "Other"
housing (n = 215).
Statistical analysis
Due to small sample size, participants that reported being
transgender (n = 10) were excluded from analysis.
Although students were only invited to participate in the
survey if they were registered with their college/univer-
sity as being ≥ 18 years of age, inconsistencies in survey
responses were later discovered. To address the issue of
outliers, students <15 or >99 years (n = 11) were
excluded. Students with missing values were excluded
from analyses. Missing data ranged from 0.16% (gender)
to 0.50% (age). The final analytic sample size was (n =
9,757). To assess differences between 2-year and 4-year
schools across demographic characteristics, unadjusted
logistic regression, adjusted for school clustering, was
used. Relative risk was estimated using multinomial logis-
tic regression to model the association between the out-
comes of drinking and weekday and weekend smoking
with PA exposure. This portion of analysis was adjusted
for the covariates listed above. School type was included
in the model to assess differences between 2-year and 4-
year institutions. Interactions between school type and
PA were included to assess differences in the relation-
ships between drinking, smoking and PA by school type.
Confidence intervals (CI) were adjusted for the clustering
nature of the study, using the STATA 'cluster' command
option. Statistical analyses were conducted using STATA
version 9.0 and 10.1 (STATA Corporation, College Sta-
tion, TX, 2005). The University of Minnesota IRB
approved these analyses.
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Sample Characteristics
Overall, 37.8% of respondents were male and 62.2% were
female. Most participants reported being 19-22 years of
age (59.2%), white (86.5%), renting or sharing rent (46.0%)
or living in a residence hall or a fraternity/sorority
(21.8%), working 0 hours per week for pay (27.5%) or 10-
19 hours per week for pay (21.6%) (Table 1). Most also
engaged in low levels (i.e., ≤ 2 hours/week) of moderate
(59.2%), vigorous (70.3%), and strengthening PA (81.2%),
consumed alcohol (80.7%) and did not smoke cigarettes
(82.4%) (Table 2). Compared to participants attending
traditional 4-year institutions, those attending 2-year
community/technical colleges were significantly more
likely to be older, live in a parent's home or own a home of
their own, work 20-29 hours per week for pay or 40 hours
per week for pay, engage in low levels of moderate and
vigorous PA, and smoke cigarettes.
Alcohol use and physical activity
Table 3 highlights the association between alcohol use
and PA. After adjusting for school type (i.e., 2-year vs. 4-
Table 1: Demographic characteristics of college students by type of school attended, 2007 (n = 9,757)
2-year school 4-year school P-valuea
N (%) N (%)
Gender 0.08
Male 863 (32.3) 2,825 (39.9)
Female 1,812 (67.7) 4,257 (60.1)
Age <0.001
<18 years 190 (7.1) 381 (5.4)
19-20 years 750 (28.0) 2,394 (33.8)
21-22 years 437 (16.3) 2,202 (31.1)
23-24 years 243 (9.1) 745 (10.5)
25-30 years 453 (16.9) 822 (11.6)
31+ years 602 (22.5) 538 (7.6)
Race/ethnicity <0.001
White 2,373 (88.7) 6,066 (85.7)
African American 64 (2.4) 103 (1.5)
Asian 65 (2.4) 459 (6.5)
Hispanic 20 (0.8) 70 (1.0)
American Indian 49 (1.8) 53 (0.8)
Other/Mixed 104 (3.9) 331 (4.7)
Current residence <0.001
Parent's home 804 (30.1) 609 (8.6)
Rent 988 (36.9) 3,493 (49.3)
Residence hall 27 (1.0) 2,108 (29.8)
Own a house 751 (28.1) 691 (9.8)
Other 105 (3.9) 181 (2.6)
Employment Status <0.001
0 hours 524 (30.3) 2,148 (19.6)
1-9 hours 196 (20.3) 1,437 (7.3)
10-19 hours 497 (22.7) 1,608 (18.6)
20-29 hours 610 (15.3) 1,083 (22.8)
30-39 hours 316 (4.8) 339 (11.8)
40 hours 294 (3.1) 220 (11.0)
More than 40 hours 236 (3.4) 243 (8.8)
a Difference between 2-year and 4-year schools; adjusted for school-based clustering
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who engaged in higher levels of moderate PA were 29%
more likely to be heavy/binge drinkers versus abstainers
[Adjusted Relative Risk (ARR) (95% CI): 1.29 (1.12-1.49)].
Similarly, vigorous PA [ARR: 1.44 (1.19-1.75)] and
strengthening PA [ARR: 1.39 (1.14-1.71)] were associated
with increased risk of heavy/binge drinking compared to
abstaining. In most models that included an interaction
between school type and PA, the interaction was not sig-
nificant, indicating the association between alcohol use
and PA did not vary by school type. For strengthening PA,
however, the association with light drinking differed by
school type (P = 0.02). Stratified analyses indicate that for
participants attending 2-year colleges the association
between strengthening PA and light drinking was 1.59
(1.27-2.01), whereas for 4-year students it was 0.96 (0.74-
1.25).
Smoking and physical activity
Weekday smoking
Results for the association between weekday cigarette use
and PA are also presented in Table 3. After covariate
adjustment, there was no significant association between
weekday smoking and moderate PA. A significant inverse
association was present between weekday smoking and
vigorous PA, with those engaging in high levels of activity
having lower risk of both light smoking [ARR: 0.86 (0.75-
0.98)] and heavy smoking [ARR: 0.58 (0.40-0.85)]. There
was a similar association between strengthening PA and
heavy smoking [ARR: 0.68 (0.48-0.96)], but not light
smoking. In assessing the interaction of school type and
smoking, there appeared to be differences in the associa-
tion between both moderate and vigorous PA and heavy
weekday smoking across 2-year and 4-year schools (P =
0.08 and P = 0.06, respectively). Stratified analyses indi-
cate that for 2-year college students the association
between moderate PA and heavy weekday smoking was
1.15 (0.83-1.61) and between vigorous PA and heavy
weekday smoking was 0.79 (0.43-1.48). In contrast,
among 4-year students the association between moderate
PA and heavy weekday smoking was 0.75 (0.56-1.00) and
between vigorous PA and heavy weekday smoking was
0.40 (0.30-0.54).
Weekend smoking
Weekend smoking was similarly associated with moder-
ate PA and strengthening PA (Table 3). Increased partici-
pation in vigorous PA was not significantly associated
with light weekend smoking [ARR: 0.87 (0.74-1.04)],
Table 2: Physical activity, alcohol and tobacco use among college students by type of school attended, 2007 (n = 9,757)
2-year school 4-year school P-valuea
N (%) N (%)
Physical activity
Moderate: ≥ 2.5 hours/week 911 (34.1) 3,078 (43.5) <0.001
Vigorous: ≥ 2.5 hours/week 627 (23.4) 2,278 (32.2) <0.001
Strengthening: ≥ 2.5 hours/week 468 (17.5) 1,362 (19.2) 0.40
Drinking behaviorb 0.23
Abstain 607 (22.7) 1,272 (18.0)
Light (no binge) 1,194 (44.6) 2,976 (42.0)
Heavy/Binge 874 (32.7) 2,834 (40.0)
Weekday cigarette usec <0.001
Nonsmoker 1,980 (74.0) 6,084 (85.9)
Light 401 (15.0) 787 (11.1)
Heavy 294 (11.0) 211 (3.0)
Weekend cigarette usec <0.001
Nonsmoker 1,980 (74.0) 6,084 (85.9)
Light 342 (12.8) 682 (9.6)
Heavy 353 (13.2) 316 (4.5)
a Difference between 2-year and 4-year schools; adjusted for school-based clustering
b Abstain: reported not drinking alcohol; Light (no binge): ≤ 2 drinks/day for males and ≤ 1 drink/day for females; Heavy or binge: ≥ 3 drinks/
day for males and ≥ 2 drinks/day for females and ≥ 1 binge drinking episode over the last two weeks
c Nonsmoker: reported not smoking cigarettes; Light: ≤ 10 cigarettes/day; Heavy: ≥ 11 cigarettes/day
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were similar to that of weekday smoking and vigorous PA.
The association between heavy weekend smoking and
vigorous PA was similar to weekday smoking. The associ-
ation between weekend smoking and PA did not vary by
school type.
Discussion
In general, the findings of this study suggest that young
adults engaging in higher levels of moderate, vigorous
and strengthening PA were significantly more likely to be
heavy/binge drinkers, regardless of the type of post-sec-
ondary institution they were attending. In addition, par-
ticipants engaging in higher levels of vigorous PA were
less likely to engage in any weekday smoking, while
higher levels of strengthening PA were associated with
decreased risk of heavy weekday smoking only. These
relationships existed independent of sociodemographic
characteristics, such as gender, age and race/ethnicity.
Overall there were only marginal differences in the
association between moderate and vigorous PA and
heavy weekday smoking by school type. Among young
adults attending 4-year institutions, both moderate and
vigorous PA were significantly associated with rates of
heavy weekday smoking; however, among those attending
2-year colleges, no significant association was detected.
Engaging in higher levels of vigorous PA and strengthen-
ing PA was associated with decreased risk of heavy week-
end smoking, with no differences by school type.
One unique aspect of this research is its inclusion of a
large number of young adults attending 2-year commu-
nity and technical colleges, who generally represent a
more diverse and lower SES group compared to 4-year
post-secondary students [23,24]. Despite these sociode-
mographic differences, the 2-year and 4-year college pop-
ulations generally yielded similar associations between
PA, alcohol and tobacco use. These findings suggest that
health behavior messaging and interventions targeting
young adults might be adaptable between 2-year and 4-
year post-secondary settings. Additional formative
research is needed to understand the differences in inter-
vention delivery opportunities across individual cam-
puses, both in the U.S. and around the world.
Previous research has found positive associations
between heavier alcohol use and increased physical activ-
ity among young adults [25,26], heavier alcohol use has
been associated with athlete status and fraternity/sorority
membership among 4-year college students [27], and past
research has demonstrated the central role of alcohol and
tobacco use in social processes among post-secondary
organizations [28]. Data on athlete status or fraternity/
sorority membership was not collected in this survey.
Table 3: Adjusteda association between drinking behavior, tobacco use and physical activity (n = 9,757), generated via 
multinomial logistic regression
Independent variable
Dependent variable Moderate Physical Activity: ≥ 
2.5 hours/week
Vigorous Physical Activity: ≥ 
2.5 hours/week
Strengthening Physical 
Activity: ≥ 2.5 hours/week
Drinking behaviorb
Abstainers 1.00 (ref) 1.00 (ref) 1.00 (ref)
Light (no binge) 1.13 (0.96, 1.33) 1.15 (0.98, 1.36) 1.11 (0.87, 1.42)
Heavy/Binge 1.29 (1.12, 1.49) 1.44 (1.19, 1.75) 1.39 (1.14, 1.71)
Weekday smokingc
None 1.00 (ref) 1.00 (ref) 1.00 (ref)
Light 1.13 (1.00, 1.28) 0.86 (0.75, 0.98) 0.98 (0.80, 1.21)
Heavy 0.95 (0.76, 1.19) 0.58 (0.40, 0.85) 0.68 (0.48, 0.96)
Weekend smokingc
None 1.00 (ref) 1.00 (ref) 1.00 (ref)
Light 1.10 (0.95, 1.27) 0.87 (0.74, 1.04) 1.04 (0.85, 1.27)
Heavy 1.06 (0.86, 1.29) 0.63 (0.48, 0.83) 0.67 (0.49, 0.92)
a Adjusted for school type (2-year vs. 4-year), gender, age, race (white vs. non-white), residence type and employment status; Adjusted for 
school-based clustering
b Abstain: reported not drinking alcohol; Light (no binge): ≤ 2 drinks/day for males and ≤ 1 drink/day for females; Heavy or binge: ≥ 3 drinks/
day for males and ≥ 2 drinks/day for females and ≥ 1 binge drinking episode over the last two weeks
c Nonsmoker: reported not smoking cigarettes; Light: ≤ 10 cigarettes/day; Heavy: ≥ 11 cigarettes/day
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tual differences in the associations between alcohol use
and PA. In the U.S. these two social environments of ath-
letics and fraternities/sororities are more prominent at 4-
year colleges and universities than 2-year institutions,
thus we anticipated this would have further influenced
the difference in alcohol use and PA between school type.
However, the nonsignificant interaction between PA and
school type indicates that the association between high-
risk drinking and PA may be explained by factors beyond
the school environment. It is likely that the influence of
young adult lifestyle norms extends well beyond tradi-
tional college campuses and may have a similar impact
among highly varied segments of the young adult popula-
tion.
In addition to the positive associations we observed
between alcohol and PA, our findings indicate that there
were inverse associations between smoking and PA,
which is consistent with previous research [14,29]. Smok-
ing tends to have a negative impact on PA performance,
and this may influence active young adults to refrain from
smoking. However, motivations behind smoking behav-
iors may vary among young adults; for example, it is
interesting to note that previous research has found that
56% of young adult females felt smoking helped them
control their weight [30]. Thus some young adults may be
choosing to smoke in an effort to control their weight,
rather than engaging in healthy weight control behaviors,
such as PA. Additional research is needed to examine the
use, adoption and role of weight control behaviors in this
population, particularly in relation to other risk behaviors
and among lower SES young adult populations where
limited research is available.
Finally, while PA may be positively associated with alco-
hol use and negatively associated with smoking, other
research has illustrated a positive association between
drinking and smoking among individuals at this age [31].
These findings highlight the complex co-variation that
exists among risk behaviors. Given the relationships
between these risk factors, there may be reason to believe
that interventions aimed at reducing risky behaviors
could also include measures to increase health-promot-
ing behaviors. To date, the majority of interventions
aimed at young adult college populations tend to focus on
single behaviors [32]. Studies examining how increases in
PA may impact alcohol and tobacco use have had positive
findings, indicating that PA may be an important media-
tor in maintaining other healthy behaviors
[12,14,25,26,33]. Furthermore, a recent multiple behavior
intervention utilizing a positive goal of fitness among
young adults while addressing multiple health habits such
as PA, substance use, dietary habits and sleep patterns
found that this type of intervention appears to signifi-
cantly impact multiple health behaviors [32]. Our results
suggest that tobacco prevention/cessation may be
another important component for such multi-target
intervention strategies. These interventions may also be
appropriate for use in 2-year community and technical
college settings, where similar patterning of behavior was
observed (compared to 4-year colleges), but where abso-
lute rates of risk behaviors appear to be higher.
To our knowledge, this is the first study of its kind to
examine associations between young adult alcohol use,
tobacco use and PA among such a wide range of post-sec-
ondary settings. Despite this strength, several limitations
should be considered. The cross-sectional nature of this
study limits the ability to draw conclusions on the tempo-
rality of these relationships, and longitudinal data are
needed. Furthermore, the survey tool used to collect our
data may limit our findings. For example, the question on
binge drinking episodes does not take into account possi-
ble gender differences in the definition of binge drinking
[21]. To maximize the efficiency of our needs assessment
efforts, much of the survey has been based on single-item
indicators of risk. More in-depth assessments of each of
the behavioral factors assessed in these analyses likely
would reduce error and provide higher validity in charac-
terizing behavioral patterns. In addition, more in-depth
assessment methods would allow for more detailed analy-
ses; in our work, we used relatively crude categorizations
for behaviors (e.g., physical activity ≥ 2.5 hours/week ver-
sus ≤ 2 hours/week), but there may still be a large degree
of variability in PA behaviors within each of these catego-
ries.
Furthermore, our overall response rate to the survey
was 42%, and thus low response rates could have resulted
in non-response bias. For example, smokers are known to
have lower response rates than nonsmokers. Thus these
results may be more conservative than the actual rates in
this population. Logistical challenges to working with
diverse young adult populations make it difficult for sur-
vey-based researchers to achieve higher response rates in
the field; nonetheless, this remains a concern that should
be noted. Future research should explore mechanisms for
improving response rates in the field and/or using statis-
tical methods to correct for possible non-response bias.
Finally, participants were drawn from one region of the
U.S. and may not represent other geographic regions;
additional research is needed to understand how these
associations may vary in other international settings.
Conclusions
In conclusion, there appears to be a positive association
between alcohol use and PA and an inverse association
between tobacco use and PA among college students.
Although the prevalence of health behaviors varied
between 2-year and 4-year postsecondary institutions
(with young adults attending 2-year community and tech-
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Page 8 of 9nical colleges representing a more at-risk population), the
magnitude and direction of these associations largely did
not differ by school type. Possible explanations may lie in
factors that extend well beyond the college campus, such
as widespread social norms and other socio-environmen-
tal influences among young adults. Interventions target-
ing multiple health behaviors through a unifying positive
health image hold a promise in improving the health of
young adult populations. However, additional research
on these interventions is needed to determine the most
effective way of targeting this population and the leading
risk behaviors experienced by this age group, particularly
across various international settings.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
NV originated the study, performed data analyses, drafted all sections of text
and provided feedback on all drafts of text. ML assisted in data analyses, data
interpretation, and provided critical feedback on all drafts of the text. EE over-
saw the study design and provided guidance and critical feedback on all drafts
of the text. KL assisted in data analyses, led data collection efforts and provided
guidance and feedback on all drafts of the text. MS provided guidance and crit-
ical feedback on all drafts of the text. All authors read and approved the final
text.
Acknowledgements
Funding for data collection was provided by Boynton Health Service at the 
University of Minnesota. Additional salary support for the analysis of these data 
was also provided by Award Number K07CA126837 from the National Cancer 
Institute. The content of this manuscript is solely the responsibility of the 
authors and does not necessarily represent the official views of the National 
Cancer Institute.
Author Details
1Division of Epidemiology and Community Health, University of Minnesota, 
Minneapolis, Minnesota, USA and 2Boynton Health Service, University of 
Minnesota, Minneapolis, Minnesota, USA
References
1. Enrollment, staff, and degrees conferred in postsecondary institutions 
participating in Title IV programs, by level and control of institution, 
sex of student, and type of degree: fall 2005 and 2005-06   [http://
nces.ed.gov/programs/digest/d07/tables/dt07_177.asp]
2. Mokdad AH, Marks JS, Stroup DF, Gerberding JL: Actual causes of death 
in the United States, 2000.  Journal of the American Medical Association 
2004, 291:1238-1245.
3. Preventing Chronic Diseases: A Vital Investment   [http://www.who.int/
chp/chronic_disease_report/en/]
4. Nelson MC, Neumark-Stzainer D, Hannan PJ, Sirard JR, Story M: 
Longitudinal and secular trends in physical activity and sedentary 
behavior during adolescence.  Pediatrics 2006, 118:E1627-E1634.
5. Nelson TF, Gortmaker SL, Subramanian SV, Wechsler H: Vigorous Physical 
Activity Among College Students in the United States.  Journal of 
Physical Activity and Health 2007, 4:495-508.
6. U.S Physical Activity Statistics: Health Statistics   [http://
apps.nccd.cdc.gov/PASurveillance/
DemoCompareResultV.asp?State=1&Cat=1&Year=2006&Go=GO#result]
7. Thorne SL, Malarcher A, Maurice E, Caraballo R: Cigarette Smoking 
Among Adults - United States, 2007.  Morbidity and Mortality Weekly 
Report 2008, 57(45):1221-1226.
8. Flay BR, Hu FB, Siddiqui O, Day LE, Hedeker D, Petraitis J, Richardson J, 
Sussman S: Differential influence of parental smoking and friends 
smoking on adolescent initiation and escalation of smoking.  Journal of 
Health and Social Behavior 1994, 35(3):248-265.
9. Prendergast ML: Substance use and abuse among college-students-a 
review of recent literature.  Journal of American College Health 1994, 
43:99-113.
10. Gfroerer JC, Greenblatt JC, Wright DA: Substance use in the US college-
age population: Differences according to educational status and living 
arrangement.  American Journal of Public Health 1997, 87:62-65.
11. Jones SE, Oeltmann J, Wilson TW, Brener ND, Hill CV: Binge drinking 
among undergraduate college students in the United States: 
Implications for other substance use.  Journal of American College Health 
2001, 50:33-38.
12. Kaczynski AT, Manske SR, Mannell RC, Grewal K: Smoking and physical 
activity: A systematic review.  American Journal of Health Behavior 2008, 
32:93-110.
13. Emmons KM, Wechsler H, Dowdall G, Abraham M: Predictors of smoking 
among US college students.  American Journal of Public Health 1998, 
88:104-107.
14. Wechsler H, Davenport AE, Dowdall GW, Grossman SJ, Zanakos SI: Binge 
drinking, tobacco, and illicit drug use and involvement in college 
athletics - A survey of students at 140 American colleges.  Journal of 
American College Health 1997, 45:195-200.
15. Johnson MF, Nichols JF, Sallis JF, Calfas KJ, Hovell MF: Interrelationships 
between physical activity and other health behaviors among 
university women and men.  Preventive Medicine 1998, 27:536-544.
16. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA: Emerging 
adulthood and college-aged youth: An overlooked age for weight-
related behavior change.  Obesity 2008, 16:2205-2211.
17. Laska MN, Larson NI, Neumark-Sztainer D, Story M: Dietary patterns and 
home food availability during emerging adulthood: Do they differ by 
living situation?  Public Health Nutrition 2009.
18. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA, 
Heath GW, Tompson PD, Bauman A: Physical activity and public health - 
Updated recommendation for adults from the American college of 
sports medicine and the American heart association.  Circulation 2007, 
116:1081-1093.
19. 2008 Physical Activity Guidelines for Americans   [http://
www.health.gov/paguidelines/default.aspx]
20. Stahre M, Naimi T, Brewer R, Holt J: Measuring average alcohol 
consumption: the impact of including binge drinks in quantity-
frequency calculations.  Addiction 2006, 101:1711-1718.
21. Alcohol Terms   [http://www.cdc.gov/alcohol/terms.htm#excessive]
22. Hassmiller KM, Warner KE, Mendez D, Levy DT, Romano E: Nondaily 
smokers: who are they?  American Journal of Public Health 2003, 
93:1231-1237.
23. U.S. Department of Education, National Center for Education Statistics, 
2003-04 National Postsecondary Student Aid Study (NPSAS:04)   [http:/
/nces.ed.gov/Pubsearch/pubsinfo.asp?pubid=2005163]
24. Adelman C: Moving into town - and moving on: The community 
college in the lives of traditional-age students.  Washing, DC: U.S. 
Department of Education; 2005. 
25. Moore MJ, Werch C: Relationship between vigorous exercise frequency 
and substance use among first-year drinking college students.  Journal 
of American College Health 2008, 56:686-690.
26. Vickers KS, Patten CA, Bronars C, Lane K, Stevens SR, Croghan IT, Schroeder 
DR, Clark MM: Binge drinking in female college students: The 
association of physical activity, weight concern, and depressive 
symptoms.  Journal of American College Health 2004, 53:133-140.
27. Scott-Sheldon LAJ, Carey KB, Carey MP: Health behavior and college 
students: Does Greek affiliation matter?  Journal of Behavioral Medicine 
2008, 31:61-70.
28. Borsari BE, Carey KB: Understanding fraternity drinking: Five recurring 
themes in the literature, 1980-1998.  Journal of American College Health 
1999, 48:30-37.
29. Dinger MK, Vesely SK: Relationships between physical activity and other 
health-related behaviors in a representative sample of US college 
students.  American Journal of Health Education 2001, 32:83-88.
30. Hines D, Fretz AC, Nollen NL: Regular and occasional smoking by college 
students: Personality attributions of smokers and nonsmokers.  
Psychological Reports 1998, 83:1299-1306.
Received: 9 December 2009 Accepted: 26 April 2010 
Published: 26 April 2010
This article is available from: http://www.biomedcentral.com/1471-2458/10/208© 2010 VanKim et al; licensee BioMed Central Lt . is an Open Access articl  distributed under th  terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Public H alth 2010, 10:208
VanKim et al. BMC Public Health 2010, 10:208
http://www.biomedcentral.com/1471-2458/10/208
Page 9 of 931. Laska MN, Pasch KE, Story M, Ehlinger E: Latent class analysis of health 
risk behavior and lifestyle characteristics among college students.  
Prevention Science 2009, 10:376-386.
32. Werch CE, Bian H, Moore MJ, Ames S, DiClemente CC, Weiler RM: Brief 
multiple behavior interventions in a college student health care clinic.  
Journal of Adolescent Health 2007, 41:577-585.
33. Audrain-McGovern J, Rodriguez D, Moss HB: Smoking progression and 
physical activity.  Cancer Epidemiology Biomarkers & Prevention 2003, 
12:1121-1129.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/208/prepub
doi: 10.1186/1471-2458-10-208
Cite this article as: VanKim et al., Understanding young adult physical activ-
ity, alcohol and tobacco use in community colleges and 4-year post-second-
ary institutions: A cross-sectional analysis of epidemiological surveillance 
data BMC Public Health 2010, 10:208
